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I.  INTRODUCTION 


The  prolate  spheroid  will  be  used  to  simulate  a  wide  class  of 
aircraft  fuselage  in  the  future.  The  far-zone  and  near-zone  radiation 
patterns  of  a  prolate  spheroid  mounted  antenna  have  already  been  studied 
[1,20.  It  is  obvious  that  if  one  wishes  to  simulate  an  aircraft,  one 
must  allow  the  flat  plates  (model  used  for  wings)  to  attach  to  the 
fuselage  which  was  modeled  by  the  prolate  spheroid  in  our  study.  There¬ 
fore,  the  object  of  this  study  is  to  study  the  curved  junction  edge 
resulting  from  attaching  the  plates  to  the  prolate  spheroid. 

For  the  future  development  of  the  computer  program  to  simulate 
the  aircraft  antenna,  it  is  assumed  that  all  corners  of  the  plate  are 
outside  of  the  prolate  spheroid. 

Our  approach  to  this  problem  is  first  to  find  the  intersection 
point  between  a  line  (i.e.,  one  edge  of  the  plate)  and  the  prolate 
spheroid.  Then  one  can  follow  the  same  idea  to  find  the  curved  junc¬ 
tion  edge  between  a  flat  plate  and  the  prolate  spheroid.  The  method 
is  described  in  detail  in  the  following  sections. 


II.  INTERSECTION  POINT  BETWEEN  A  LINE  AND  THE  PROLATE  SPHEROID 


Using  the  geometry  as  shown  in  Figure  1,  the  spheroid  surface 

.  * 

is  defined  by  R(v  <f>)  =  a  cos  v  cos  <t>  x  +  a  cos  v  sin  <t>  y  + 

b  sin  v  z  (1) 

where  . 

v  =  tan-1  l\ b  cos  M  (2) 

la  sin  ey 

The  line  direction  is  given  by 


efxj.yj.Zj)  =  Vxl»yl»zl)  ~  p2(x2»y2»z2) 

l'*l!xl’yl’2l)  -  fyx2»y2’22)l 
=  V  +  v  +  ezz 
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Figure  i.  tioometrv  of  spheroid. 


where  PjCxj.yj.Zj)  and  P2(x2,y2,z2)  are  the  position  vectors  of  two 
points  with  respect  to  the  origin  of  the  coordinate  system.  From 
Figure  1,  one  observed  that  the  position  vector  of  the  intersection 
point  ^h(xh,yh,zh)  with  respect  to  the  origin  of  the  coordinate  system 
can  be  easily  defined  by 

Ph(xh,yh,zh)  =  Pjtxj.yj.Zj)  +  A  e(x,y,z)  (4) 


From  Ecuatjors  f  ll,  t’.i)  and  (4),  one  obtains  the  following  equations: 


a  cosv  ct  h,  <t>  =  Xj+  j,ex 
a  c.cs  v  sin  •}>  =  y^+  Ae^ 
a  b  sin  v  =  Zj+Aez  . 

From  Equations  ff  .1,  Eu),,  and  (5c),  one  finds 


(xl  +  +  (yl  +  4V  (*i  + 

- - JL_  +  -  -  =  1 

a  b 


(5a) 

(5b) 

(5c) 


(6) 


Oef ining 

A  =  b  2(e2  +  e2)  +  a2e2  , 

B  =  b?(x1ex+  yte  )  +  a2Zjez  , 

C  *  b2(x2  +  y2)  +  a2z2  -  a2b2  , 

and  employing  Equations  (6)  and  (7), 
the  points  and  P^  such  that 


l\  = 


_  -B  +  V  B2-, 

A 


AC 


and 


(7a) 

(7b) 

(7c) 

one  obtains  the  distance  between 

(8a) 

(8b) 


The  smaller  one  of  (Ap  A,)  will  be  used  in  equation  (4)  to  define 
the  position  vector  f*h  (xh,yh,zh). 
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III.  CURVED  JUNCTION  EDGE  BETWEEN  A  PLATE  AND  THE  PROLATE  SPHEROID 


Using  the  geometry  as  shown  in  Figure  2,  ^3*  ^3  and  P4  are 

the  position  vectors  of  the  corners  of  the  plate,  then  one  can  define 
the  unit  vectors  of  the  plate  edge  as  follows: 


ei 


=  Pi+i(xi+i»yi+i»zm)  '  ^i<xi>yj>2i) 
^i+l^xi+l*yi+l*zi+l)  '  1*i{xi’yi’zi)l 


with  i  =  1,  2,  3. 

The  plate  normal  unit  vector  is  given  by 


(9) 


Np(x,  y,  z) 


ei(xi,yi,zi)  x  e2(x2,y2,z2) 

I ei (x1»y1’z1)  x  e2(x2,y2,z2)| 


(10) 


Using  the  procedure  described  in  Section  II,  one  can  determine  the 
position  vectors  of  the  intersection  points  and  between  the 
prolate  spheroid  and  two  plate  edges  e^  and  e^,  respectively.  Then 
one  can  define  the  unit  vector 

eFI(x,y,z)  =  V^xHF>yHF>zHF)  ~  ^Hl^xHI»yHI,zHI^  ?  (u) 

I^HF^xHF’yHF’zHF^  "  ^HI ^XHI *yHI *ZHI ^ I 

and  the  bi normal  unit  vector 

~tb(x,y,z)  =  epi(x,y,z)  x  Np(x,y,z)  .  (12) 

According  to  the  variation  of  the  spheroid  surface,  one  can  divide 
the  line  P^pP^  info  N-l  unequal  length  segments,  J/.,with  i~! . .n-1. 
Then  one  can  get  N-2  position  vectors  £.j(x,y,z)  along  PHFPHI  by  using 
the  recursive  equation, 

P^x.y.z)  =  PM(x,y,z)  +  l'.  epi(x,y,z)  (13) 

with 

^2(^*1^*^)  ~  i^lj(x, y,z)  +  t j  eFj(x,y,z)  and  i  / ,j,...N~1 
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By  using  the  position  vectors  P.(x,y,z)  just  found,  one  can  get  N  posi¬ 
tion  vectors  along  the  curved  junction  edge  or 


>CEi(x,y,z) 

=  ^i(x,y,z)  +  «•"  tb(x,y,z),  i  =  2,3, ...N-l 

(14) 

with 

^CE1(x,y,z) 

=  ?HI(x,y,z)  ,  and 

(14a) 

^CEN^x,y,z^ 

=  PHF(x,y,z)  . 

(14b) 

note  J-j  can  be  found  by  using  the  same  idea  employed  in  Section  II. 
Therefore,  the  curved  junction  edge  was  found  by  connecting  all  N  posi¬ 
tion  vectors  P^j(x,y,z).  Note  that  this  approach  provides  a  piecewise- 
1  inear  approximation  for  the  curved  junction  edge  resulting  from  the 
intersection  of  the  flat  plate  and  the  prolate  spheroid. 

IV.  CONCLUSION 

The  process  of  attaching  the  flat  plate  to  the  prolate  spheroid 
(aircraft  fuselage)  and  finding  the  curved  junction  edge  has  been 
studied  in  this  report.  The  diffraction  associated  with  the  curved 
junction  edge  will  be  studied  later.  A  computer  sub-routine  for  the 
curved  junction  edge  had  already  been  developed  and  incorporated  into 
the  general  aircraft  program.  The  complete  numerical  solution  of  the 
aircraft  antenna  problem  will  be  studied  later.  The  results  will  be 
verified  by  comparing  them  with  the  numerous  experimental  radiation 
patterns  taken  at  various  organization. 
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